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Introduction
Chronic cough (CC) is defined as a cough that persists for longer than eight weeks. 1 Although medical treatment is generally successful for CC, cough can persist in a proportion of cases resulting in significant morbidity and detriment to quality of life. Additional therapies are needed for these refractory cases. 2 Behavioural modification therapies such as those provided by speech pathologists, physiotherapists or psychologists may be beneficial in the management of refractory CC. Behaviour modification therapies target symptoms rather than the underlying cause of the cough. Isolated reports of behaviour modification interventions for CC are scattered through a variety of medical, psychological and allied health publications and have not been considered holistically in the management of cough. The aim of this work is to describe behaviour modification therapies for adults with CC and to highlight their potential role in the management of the condition.
What is behaviour modification?
Behaviour modification is a field of study that focuses on using principles of learning and cognition to understand and change people's behaviour. 3 The process focuses on specific behaviours rather than unobservable internal processes and conflicts. 4 Behaviour modification involves altering an individual's reaction to incoming stimuli through positive reinforcement and the extinction of undesirable behaviour. 3 The emphasis is on using cognitive and behaviour change techniques to teach the patient to take responsibility for their behaviour and learn to manage their condition. Behaviour modification approaches range from being very loosely structured to being highly systematic and structured. Behaviour modification employs a number of therapy sessions over time to target behaviour change thus differing from the medical model of consultation and review. Several case studies outlining
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When is behaviour modification therapy appropriate for CC?
Behaviour modification is appropriate for a subset of the total population with CC represented by those people whose cough is deemed to be refractory to medical treatment. It is particularly useful when an anti-tussive approach is needed for management of an individual's CC, namely, that an approach is needed for symptom control and when the cough is troublesome to the patient rather than to address the underlying cause of the cough. This includes cough associated with known causes such as asthma or gastroesophageal reflux (GER) where medical treatment is only partially successful in relieving the cough symptoms despite being effective in addressing the primary condition. 8 Some patients have multiple causes of their cough. Behaviour modification therapies might also be useful in addressing idiopathic cough. Features of idiopathic CC include middle age, female predominance, heightened cough reflex and impaired quality of life. This condition is discussed in detail in the idiopathic cough section of this series. There may also be a role for behaviour modification as an adjunct to cough therapy directed at known causes; however, this remains to be established. Behaviour modification is particularly useful when CC is associated with paradoxical vocal fold movement (PVFM). PVFM, also known as vocal cord dysfunction, is a syndrome where the vocal folds adduct involuntarily and episodically during inspiration resulting in airflow limitation and symptoms of inspiratory dyspnoea and throat tightness. The prevalence of PVFM in CC is unknown and PVFM is rarely considered in CC. There are some similarities in the clinical presentation of patients with co-occurring asthma and PVFM and those with co-occurring CC and PVFM. Ryan and Gibson 9 found that approximately 50% of their patients with CC had PVFM diagnosed through simultaneous hypertonic saline challenge and nasendoscopy whereas the American College of Chest Physicians Guidelines for management of cough list PVFM as a rare cause of cough. 10 Protocols for the management of CC do not routinely include assessment and treatment of PVFM. Speech pathology intervention is the primary treatment for PVFM 8, 11, 12 and can be effective in addressing symptoms of both CC and PVFM. 8 The importance of PVFM in patients with idiopathic cough needs to be confirmed. Unlike treatment of idiopathic cough which addresses symptoms, treatment of cough associated with PVFM could be targeting the underlying cause of the cough.
Speech pathology management can be beneficial in CC that is because of chronic aspiration secondary to oropharyngeal dysphagia. Treatment of CC may also involve assessment of swallowing ability, detection of dysphagia and identification of risk factors for dysphagia. Treatment options for oropharyngeal dysphagia typically include postural modifications, compensatory strategies and dietary texture modifications in order to improve oropharyngeal transit and reduce the risk of aspiration. Reducing the aspiration would likely result in reduction of cough, however dysphagia is not a common feature associated with CC.
Description and efficacy of behaviour modification for CC

Aim of behaviour modification for CC
The aim of speech pathology management for CC is to teach individuals to voluntarily suppress their cough, to reduce laryngeal irritation that could exacerbate the cough and to optimize vocal behaviour.
Components of behaviour modification for CC
Behaviour modification for CC includes education, specific strategies and exercises to inhibit the cough and psychoeducational counselling and is based on teaching the patient behaviour change over time ( Table 1) . Education is a significant component of speech pathology treatment for CC and aims to reinforce the notion that there is no physiological benefit from coughing and indeed that there are negative side effects from this behaviour including laryngeal trauma, exacerbation of irritation and perpetuation of the cough cycle. Patients are advised that they can suppress their cough even in situations where there is a sensation of needing to cough or clear phlegm. Some patients are concerned that they will come to harm from suppressing their cough may cough deliberately in response to a sensation in their throat. These patients need reassurance that inhibiting the cough will not be detrimental. 13, 14 Clinical experience shows that a small number of individuals with CC are able to voluntarily suppress their cough immediately following education that the cough is counterproductive and not beneficial to their respiratory system. This finding is consistent with reports of suggestion therapy described in case studies of children with CC. 15, 16 Suggestion therapy entails explaining to the patient that the cough is Behaviour modification therapies for chronic cough AE Vertigan et al. unrelated to any physical illness that it should cease. 16 Elements of suggestion therapy are encompassed in many behavioural treatment programmes that explain an individual's capacity to cease coughing. Education also has an important role in medical approaches, including pharmacological approaches to promote compliance with treatment regimes. Education can involve dealing with the known underlying cause of the cough such as smoking or chronic obstructive pulmonary disease (COPD). Education may also be used to encourage patients to comply with strategies for behavioural modification of GER or to continue taking medication for GER particularly in asymptomatic individuals.
The second component in speech pathology management is to teach specific techniques to control the cough. These techniques require the patient to identify when a cough is about to occur and implement a strategy to suppress or replace the cough at the very first sign of a cough or laryngeal irritation. 13 Techniques can include relaxed throat breathing similar to that used for PVFM, 17 the pursed lip breathing technique, 18 substituting the cough or throat clear with a swallow or other distraction techniques. The pursed lip breathing technique involves breathing out through pursed lips in order to maximize expiratory flow through the larynx. Swallowing can interfere with the cough 19 and can be modified to include an effortful Valsalva swallow utilizing head flexion that is implemented as a dry swallow or with a sip of water. Distraction techniques include drinking water, sucking ice, chewing gum, attempting to delay the cough and sucking nonmedicated lollies to increase the frequency of saliva swallows. 13 Behaviour modification principles indicate that patients may require a hierarchy of settings for controlling their cough starting in the clinical consultation, to everyday activities and then into more challenging activities such as in the presence of known triggers. 13 Once a cough trigger is identified, cough suppression strategies can be employed during short exposures in order to build tolerance to the trigger. 20 Avoiding exposure to identified triggers is helpful in the initial stages of therapy but may be inadvisable long term as some patients can be caught in a vicious cycle in which the ineffectiveness of an approach such as avoiding exposure can lead to its intensification rather than its abandonment. 21 The next component of management focuses on vocal hygiene and is designed to reduce the degree and rate of stimulation of the cough receptors and therefore slow the rate at which the threshold for cough is reached. The aim of vocal hygiene is to maximize hydration while reducing laryngeal irritation. Specific issues relating to vocal hygiene include avoiding smoking or exposure to passive smoke, minimizing consumption of substances known to have a drying effect on the larynx such as alcohol, caffeine and medicated cough lozenges, increasing systemic and surface hydration through steam inhalation, and increasing the volume and frequency of water intake, and providing strategies for behavioural management of GER. Encouraging nose-rather than mouth-breathing and increasing ambient humidity have also been recommended. 22 The psycho-educational component of speech pathology intervention addresses some differences between behavioural and medical treatment and aims to facilitate acceptance of a behavioural approach. 23 Patients need to be motivated to control the cough in order to benefit from speech pathology intervention. In speech pathology treatment, the patient has the ultimate responsibility for controlling symptoms in contrast to medical treatment where medication is largely responsible for symptom control. 13 Patients are encouraged to internalize control over their cough by viewing the cough as something they do in response to irritating stimuli rather than a phenomenon outside of their control. 13 It is also crucial to assist individuals to set realistic goals, for example that the aim of treatment is to control rather than totally eliminate the cough. Medical personnel should emphasize that behavioural approaches such as those used by speech pathologists are specific treatments for CC, otherwise patients will feel unconvinced and subsequently repeatedly seek further medications. 24
Efficacy of behaviour modification for CC
Speech pathology management for CC has been described in several case series 8, 18, [23] [24] [25] and one randomized placebo-controlled trial 26 (Table 2 ). These studies have demonstrated successful outcomes in speech pathology management of CC.
A recent report described a randomized, singleblind placebo-controlled trial of speech pathology intervention for CC. 26 In this study, 87 patients with CC that persisted despite medical treatment were randomly assigned to receive either speech pathology intervention for CC or an equivalent course of healthy lifestyle education. Participants in both groups attended four individual 30-minute intervention sessions with a qualified speech pathologist. Participants in the treatment group demonstrated significantly greater improvements in cough, voice, breathing, upper airway symptoms and limitation scores compared with the placebo group. Interestingly, the placebo group also demonstrated significant improvements in cough, breathing and limitation scores however the degree of improvement was significantly lower than in the treatment group. It is unclear whether the degree of improvement experienced by the placebo group was related to the types of activities utilized in the placebo programme or whether it was a manifestation of the placebo effect in cough studies.
Who should deliver behaviour modification for CC?
Behaviour modification therapy for CC can be provided by a range of professionals including speech pathologists, physiotherapists and psychologists.
Components of behaviour modification such as education may also be encompassed in the treatment provided by medical staff in their management of CC. Speech pathologists are well grounded in the theory and clinical aspects of behaviour change related to oral, pharyngeal, laryngeal and respiratory functions such as vocalization, coughing and swallowing. These functions are often assumed to be automatic and beyond conscious control but have been found to be amenable to behavioural intervention. 18, 27, 28 
When should behaviour modification be considered for CC?
Patients need a comprehensive medical evaluation to ensure that potential medical causes for CC have been appropriately addressed prior to undertaking behaviour modification therapies. Behavioural management of CC needs to be well coordinated with medical treatment rather than operate in isolation or in competition. 8, 18, 24, 26 Practitioners who receive requests to provide behaviour modification therapies for patients with CC that has not been managed according to the anatomic diagnostic protocol need to ensure that these individuals receive appropriate medical care in the first instance. This process includes for example, investigation for lung pathology, trial of withdrawal of angiotensin-converting enzyme inhibitors (if used), and investigation and treatment for eosinophillic bronchitis, 29 GER, postnasal drip syndrome (PNDS) and asthma. 30 It is essential that serious causes of cough such as lung cancer, heart failure, chronic respiratory disease or chronic infection are ruled out before embarking on behaviour modification therapies.
Assessing response of behaviour modification for CC
The exact number of treatment sessions should be tailored to the needs of the patient. 8 It is important to be aware of the potential for therapist dependence and that protracted schedules would not appear to be supported by the literature. After the initial assessment it is more important to focus on controlling and coping with symptoms 21 than to dwell on specific details of symptoms in subsequent treatment sessions. Some patients may become engrossed in discovering the cause of their symptoms at the expense of palliative treatment. 21 Behaviour modification programmes should be modified throughout the course of intervention and should not continue indefinitely if the programme does not demonstrate successful results.
Compliance is an essential factor in the acquisition and maintenance of therapy gains in CC. Indeed, compliance and internalization of locus of control are significant factors in the management of many speech and voice disorders and patients may have poor compliance despite learning about the benefits of intervention. 31 While compliance is the responsibility of the patient, the therapist also has an important role. 31 Strategies to increase compliance with behaviour change relating to voice disorders may have application in CC and include experiencing empathy, developing discrepancy, rolling with resistance and supporting self-efficacy. 31
Pathophysiological basis for improvement in cough following behaviour modification therapies
The pathophysiological basis for improvement in CC following behaviour modification therapies has not been determined. Possible mechanisms for improvement include reduction in cough reflex sensitivity, reduced irritation of cough receptors, enhanced voluntary control and management of underlying PVFM.
Patients with CC have increased cough reflex sensitivity so that their cough is evoked by stimuli that are normally subthreshold for initiating the cough reflex. 32 Continuous coughing reduces the cough threshold and sensitizes the cough so that it is triggered by smaller and smaller amounts of stimuli. 20, 22 Consciously suppressing the cough changes the sensitivity of the cough receptors and desensitizes the cough reflex thereby raising the cough threshold so that the cough occurs when the afferent input from sensory receptors summates to the new threshold. [33] [34] [35] This process reduces the frequency of coughing. Speech pathology intervention could therefore increase the threshold for cough and reduce cough sensitivity in persons with CC. This hypothesis is consistent with that of Smith et al. 33 who reported reduced cough reflex sensitivity following strategies to suppress the cough in healthy volunteers. However, further studies of cough sensitivity following speech pathology intervention would be needed to confirm this proposition.
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It is also possible that behaviour modification therapies strengthen the voluntary control of the cough. The role of voluntary control of CC is an important component of speech pathology management as some patients believe that the cough is a reflex that cannot be controlled. 18, 24, 36 A variety of peripheral receptor sites communicate via the vagus nerve to the cough centre in the medulla. Laryngeal and tracheobronchial receptors can be irritated by both chemical and mechanical stimuli. 30 The motor outputs from the cough centre send motor neurones to the inspiratory and expiratory muscles, larynx and bronchial tree. 30 Although coughing is usually the result of an involuntary reflex response to stimulation of cough receptors in the airways, 30, 37, 38 cough may be voluntarily initiated, postponed or suppressed 37, 39 and there may be afferent input into cough control from higher centres. 30, 35, 39 Behaviour modification therapies might also reduce the rate and degree of stimulation of the cough receptors. For example, increasing hydration has a beneficial effect on the larynx by reducing the risk of laryngeal injury and attenuating elevation of phonatory threshold pressure, which is the minimum amount of pressure needed to set the vocal folds into vibration. 40, 41 This reduction in phonatory threshold pressure may reduce stimulation of the cough receptors. 42 It is possible that behaviour modification therapies impact both the afferent and efferent limbs of the cough reflex as demonstrated in Figure 1 . For example, vocal hygiene strategies reduce sensory input while cough suppression strategies alter the physical response to stimulation of the cough reflex. Physiological aspects of speech pathology intervention have considerable similarity to the physiological aspects of cough suppressants. For example, the sugar content of cough syrup results in additional swallowing which may be similar to the increased swallowing encouraged by speech pathologists. 43 Speech pathology intervention may therefore target some of the underlying physiological issues involved in refractory CC through the focus on laryngeal function.
Breathing retraining
Breathing retraining, which can be taught by physiotherapists, is a form of behavioural therapy specifically targeting breath pattern. The aim of breathing training is to relieve dyspnoea, decrease the work involved in breathing, increase the effectiveness of the respiratory muscles 44 and reduce overbreathing or nondiaphragmatic breathing. 45 Other outcomes include improved ventilatory efficiency, increased exercise capacity, increased tidal volume, decreased respiratory rate, lowered functional respiratory capacity, improved vital capacity, oxygen consumption and arterial oxygen saturation and increased exercise tolerance. 44, 46 Although these improvements are important in individuals with cough because of COPD, asthma, hyperventilation syndrome, cystic fibrosis, cervical spinal cord injury and bronchitis, baseline pulmonary function tests are usually normal in individuals with idiopathic CC. 47 Therefore, if idiopathic CC benefits from breathing retraining another mechanism must be responsible for the improvement.
Exercises used in breathing retraining include pursed lip breathing with prolonged exhalation and diaphragmatic or abdominal breathing occasionally in conjunction with resistance training. 44 Slow deep breathing and use of accessory muscles during expiration are encouraged during the execution of these exercises. Breathing retraining may also incorporate inspiratory resistance breathing training which involves inspiring through a narrow tube device. This device provides inspiratory airway resistance and requires more forceful contraction of the inspiratory muscles and increases muscle strength.
There is little information about the application of this technique in CC however it has been used in the speech pathology treatment of a single patient with PVFM. 48 While there have been no published studies of breathing retraining for CC, the efficacy of therapy has been demonstrated in a randomized trial in patients with asthma and dysfunctional breathing 45 and may have potential application in CC. There is a high prevalence of dysfunctional breathing in patients with asthma which may be addressed with breathing retraining; 49 however, the extent to which it is associated with CC is currently unclear. There may be similarities in symptoms occurring in conditions such as asthma, PVFM, anxiety, habit cough, hyperventilation syndrome and panic disorder 50, 51 although some authors believe they are still distinct conditions. 51 Nevertheless, there could be an overlap in the underlying biomechanics and behavioural treatment techniques for these conditions and CC.
Although there are similarities in speech pathology management of CC and breathing retraining techniques some important distinctions exist which need to be considered. Some breathing retraining techniques are also used by speech pathologists but are designed to address upper rather than lower airway problems and are generally incorporated into other activities rather than as an isolated exercise. 28, 52 Respiratory muscle training should be performed several times daily on a continuous basis in order to maintain the improved respiratory muscle strength and endurance. 44 In contrast, in speech pathology management of CC, the threshold for cough is thought to be reduced following treatment and the cough suppression strategies may be tapered off. In speech pathology, there is less emphasis on slow deep breathing and the use of accessory muscles is generally discouraged because of the potential for increasing tension in the neck, mandible and laryngeal regions and the possible subsequent impact on glottal constriction. Therefore, breathing retraining may need to be adapted for CC and then tested in randomized controlled trials.
Psychological approaches for CC
Psychological approaches for CC are typically used when the cough is considered psychogenic. The outcomes of most psychological approaches to CC have been positive. There has been no uniformity to the psychological approaches used in the treatment of CC and most reports consist of case studies. 5,6,53-55, 64,65 These approaches include aversion therapy such as mild electric shock, 53, 54 suggestion therapy, 15, 16 the bedsheet technique, 55 biofeedback of air flow 5 and desensitization to airflow. 6 There are several limitations to studies of psychological approaches to CC. The rationale for the results of psychological approaches to CC is limited. 7 These studies included confounding variables 7 that did not use control groups and provided limited data on preand post-treatment assessments.
The validity of psychological approaches to CC may depend on whether CC should be conceptualized as a disorder with a psychogenic basis. Criticisms can be made regarding the conceptualization and description of psychogenic cough reported in the literature. First, psychogenic cough has been diagnosed in some studies without excluding medical conditions that are known to be associated with cough 14 such as extrathoracic airway hyper-responsiveness, 56 PVFM 12 and eosinophilic bronchitis. 29 Secondly, there is a paucity of adequate descriptions of psychogenic cough in adults in the literature including small sample sizes, no systematic assessment in a controlled setting and descriptions of the condition without formal psychiatric diagnoses. [57] [58] [59] The level of evidence for the diagnosis and management of psychogenic cough is based on expert opinion only. 60 Finally, the absence of nocturnal cough as a diagnostic criteria in psychogenic cough have also been criticized because of the unreliability and inconsistency in its reporting. 61 Irwin et al 60 suggested that refractory cough could be classified as psychogenic if it responded to behavioural modification therapy and unexplained if it did not respond to behaviour modification therapy. It could be argued however that it may not be valid to suggest that psychogenic cough should be diagnosed on the basis of its response to behaviour modification therapy as many behaviour modification therapies for CC may target physiological rather than psychological functions.
Although refractory CC may be considered to have a psychological basis, recent studies demonstrate that psychological profiles can be normal in CC and that the condition can exist in the absence of significant psychiatric symptoms. 14, 62 It could be argued that these studies do not support the validity of psychogenic cough as a valid concept and raises the question as to whether or not psychogenic cough is a legitimate entity. It is argued that CC that does not respond to medical treatment should not be automatically attributed to psychological causes. 60 In contrast, a psychological or psychiatric diagnosis should only be made once these factors have been specifically investigated by appropriately qualified professionals and found to be the cause of the symptoms.
If anxiety and depression were to improve following successful behavioural treatment of CC, then it could be supposed that they are an associated symptom of CC. Comparison of anxiety and depression in patients with a chronic illness unrelated to respiratory or laryngeal function might also explain whether it is the nature or the chronicity of the illness that is contributing to anxiety and depression symptoms in these individuals.
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New directions
In order for studies of behavioural management of CC to achieve wider acceptance a number of methodological issues need to be considered. Studies of behavioural management need to be well described, should include thorough description of the target population and incorporate outcome measures. Outcome measures should be designed according to the hierarchy suggested by Chang et al. 63 whereby objective measures of cough indices were highest in the hierarchy followed by symptomatic measurements assessed by the patient, then symptomatic measurements assessed by a carer and finally symptomatic measurements assessed by the clinician. Further studies are needed to define the role of behavioural modification therapies for CC, to understand the relative importance of each component of the intervention and to replicate the findings of the randomized trial of speech pathology intervention. 26 Patient selection for behavioural modification therapy needs to be determined, and standardized treatment protocols and staff training packages need to be developed. Furthermore, the relative cost-effectiveness of behavioural modification therapies for CC needs to be determined.
At present, behaviour modification therapies have been used in refractory cough. But the mechanisms of action would apply equally to acute cough and CC prior to investigation. They may be used as an adjunct to cough treatment in these situations. The onset of CC is often associated with an upper respiratory tract infection. 47 Cough associated with upper respiratory tract infection is a response to irritation rather than triggered by a need for airway clearance. Coughing behaviour associated with an upper respiratory tract infection might alter the plasticity of the vagus nerve and continue to reduce the threshold for cough. It is theoretically possible that suppressing a cough during upper respiratory tract infection could reduce cough reflex sensitivity thereby raising the threshold for cough and reducing the risk of developing CC. Therefore, while behaviour modification therapy may have been important in the acute phase of illness for some patients, prospective controlled trials would be needed to determine the safety and effectiveness of this approach.
Conclusion
Behaviour modification therapies have the potential to provide symptomatic relief in individuals whose cough has persisted despite medical intervention. Therefore, behaviour modification interventions should be considered as a potential treatment option when managing individuals with refractory CC. Behaviour modification is important because it emphasizes the patient taking responsibility for their own behaviour and emphasizes change over time. Although further description of the therapies is needed along with further investigation of the efficacy of these interventions, these programmes have the potential to improve quality of life in individuals with CC. The anatomic diagnostic protocol could be expanded to include behaviour modification therapies for refractory CC. Finally, while case studies of psychological approaches have been reported in children with CC the concept of psychogenic cough has not been satisfactorily validated.
